Certain aspects of the distribution of disinfection by-products (DBPs) in the air of indoor swimming pools, the exposure of the users, and possible health effects, have not been well documented.
INTRODUCTION
Chlorine-based water treatment is the most common disinfectant used in swimming pool water. The method reduces the risk of exposure to pathogens present in the water such as bacteria, parasites and fungi. If these pathogens are not removed, they can cause severe health effects (World Health Organization ). The reaction between chlorine and organic matter from the occupants such as hair, lotions, dirt, skin particles and urine creates disinfec- show that increased formation of brominated THMs occurs in chlorinated bromide-rich waters (Hua et al. ; Ged & Boyer ) . Another factor associated with an increased amount of brominated DBPs in swimming pool water is the use of sodium hypochlorite for water disinfection if the brine solution used for the production contain bromide ions (Bouland et al. ) . The brominated THMs are in general more genotoxic compared to their chlorinated analogues (Kogevinas et al. ; Manasfi et al. a, b) .
Exposure to DBPs in pools can take place through inhalation, dermal contact, and to a lesser extent by accidental swallowing of water (Chen et al. ; Chowdhury ) .
Occupants in the pool inhale more concentrated air in comparison to employees and visitors staying by the poolside.
Beside that, the employees and athletes will be more exposed due to longer exposure time. To determine health effects related to DBPs, it is crucial to measure the concentration of THMs directly above the surface of the water, meaning the breathing zone of the swimmer, as high activity provides high pulmonary ventilation (World Health Organization ). The aim of the present study was to measure the concentration of THMs 0.05 m, 0.60 m and 1.50 m above the pool water surface, representing the breathing zone of the swimmers, as well as children and adults standing by the pool side, and to compare the distribution of THMs from three freshwater pools and one seawater pool using different disinfection principles.
METHOD
Four swimming pools in Norway, located in two public indoor swimming facilities, were selected for this study.
They were chosen to make a comparison between different disinfection methods possible, as facility 1 (S1) uses granulated calcium hypochlorite (Ca(OCl) 2 ) while facility 2 (S2) uses liquid sodium hypochlorite (NaOCl). The latter also includes a pool where the water is a mixture of 67% freshwater and 33% seawater. Samples were collected between 13 February, 2017 and 10 March, 2017. Above each pool, between 15 and 26 samples were collected. In Table 1 , physicochemical parameters and number of bathers for the different swimming pools are listed. The two swimming facilities are referred to as S1 and S2.
In S1, pools 1 and 2 are in the same room. In addition, there is also a whirlpool and a small paddling pool. Approximately 130,000 visitors visit S1 per year. Both pool 1 and 2 use drinking water from the public water supply. The results are based on 41 air samples collected from S1 during the 4 weeks of sampling.
In S2, pool 3 is in the same hall as four other swimming pools including a wave pool, a slide pool and several whirlpools and fountains. Pool 4 is in its own room with its own ventilation system, but is supplied with disinfected water from the same circulation system as pool 3. In total, approximately 360,000 people visit S2 per year. Besides 33% of seawater being used in pool 3, both pool 3 and 4 use drinking water from the public water supply. The results are based on 41 air samples collected from S2 during the 4 weeks of sampling.
Both S1 and S2 use the same type of ventilation system and the ventilation flow rate is constant. The supplied amount of fresh air is controlled according to the humidity and the temperature in the rooms.
Sampling
Each sampling day, stationary air samples were collected during morning swimming (0630-0930 AM), baby swimming 
Laboratory analysis
The sampling and analysis of THM levels in air were based As shown in Figure 1 , the average concentrations of tTHM measured at 0.05 m above the water surface showed, above pool 1, 71%, and above pool 3, 25% higher values than the corresponding value measured 1.50 m above the water surface.
The samples collected 0.05 m and 1.5 m above pool 2 and pool 4 did not vary as much, probably because these pools are located closer to the air supply channels in the pool room.
As shown in Table 2 , TCM was found to be the dominant compound in S1 (between 97% and 99%), followed by BDCM.
In S2, all four THMs were present in all samples and as for S1, TCM was found to be the dominant compound. However, in pool 4 (100% freshwater pool), tTHM in the air comprised The distribution of THMs Table 2 shows the average concentration of combined chlorine in pool 3 (seawater pool) was measured to be 0.04 mg/L, which is lower compared to the concentration of combined chlorine measured in the other pools. In pool 3, UV treatment is used as a secondary disinfectant, and it is well known that UV treatment lamps might reduce the concentration of combined chlorine in the pool water (Cassan et al. ) . This could, to some extent, explain the low concentration of combined chlorine in pool 3, but UV treatment is also used in pool 2 and 4 where the level of combined chlorine was much greater If hypobromous acid reacts with ammonia in the water, this might form bromamines. Most European guidelines only regulate the concentration of free and combined chlorine in the water; it may be questioned whether brominated compounds should also be regulated in bromide-rich waters.
For pool 3, little difference between the concentrations of TCM was measured between the three heights, while the concentration of TBM was measured to be 226% higher at 0.05 m compared to 1.50 m above the water surface. TBM is less volatile than TCM (Beech et al. ) , and it was therefore expected that higher concentrations of TBM would be found directly above the pool water surface. These findings emphasize how important it is to measure as close to the water surface as possible, especially considering the increased genotoxicity related to brominated compounds (Manasfi et al. a, b) . As stated above, significantly higher concentrations of tTHM were measured in S2 compared to S1 (on average 282%). In a former study, a strong correlation was found between the number of users in the swimming pool and the concentration of tTHM (Chu & Nieuwenhuijsen ) . However, for S2, the correlation was found to be significantly negative. In S1, no correlation was obtained. Presence of brominated compounds is found 
CONCLUSION
In this study, concentrations of brominated THMs in the air appear to be much higher when sodium hypochlorite is used for water treatment. Regardless of whether calcium hypochlorite or sodium hypochlorite is used for water treatment, the concentration of tTHMs was measured to be higher in the breathing zone of the swimmers in the pool compared to 1.50 m above the floor. The levels of TBM above the pool with 33% seawater were measured to be much higher (226%) at 0.05 m compared to 1.50 m. Considering the increased genotoxicity of this compound, it is crucial to measure as close to the water surface as possible, especially when brominated THMs are present. More attention should be payed to TBM in swimming pool air, as this compound could potentially cause severe effects to human health. Increased attention should also be paid to the 
